the main fatty acids of nine strains of Bifidobacterium. Their lactobacillic acid content was less than 5%. Lactobacillus strains contained the same fatty acids as main compounds except for octadecanoic acid, which was present only in very low amounts. Eight of nine Lactobacillus strains contained in the stationary phase more than 15% lactobacillic acid. No correlation was observed between the fatty acid composition and other physiological characteristics used in the literature for classification of strains of one genus. Aging of the culture, which involved a decrease of the pH, caused a lengthening of the chain length of the fatty acids of B. bifidum var. pennsylvanicus but only a conversion of octadecenoic to lactobacillic acid in the lactobacilli. Lowering of the temperature of cultivation decreased the chain length of the fatty acids of B. bifidum var. pennsylvanicus. L. lactis did not show any influence of the temperature on the chain length of the fatty acids. The percentage of unsaturated acids was temperature independent in both organisms.
Recently we determined the phospholipid composition of ten Bifidobacterium strains of human intestinal origin and of nine Lactobacillus strains by quantitative two-dimensional thinlayer chromatography (6) . All Bifidobacterium strains showed a similar qualitative phospholipid composition, which strongly differed from that of lactobacilli. Because the fatty acid composition of Bifidobacterium bifidum var. pennsylvanicus (45) also showed distinctive differences from data published for the lactobacilli (14, 15, 42, 46) , a more extensive survey of the fatty acid pattern of these two genera seemed to be of value. Fatty acid composition has been used to aid in grouping and classification of microorganisms (18-20, 24, 30) , but results were sometimes obscured by the culture conditions and the stage of growth of the bacteria (19) . The 
MATERIALS AND METHODS
Organisms. The origin and cultivation of the Bifidobacterium and Lactobacillus strains were described previously (6) . The concentration of Tween 80 used was always I g per liter of medium except where noted otherwise. Cells were harvested in the stationary phase after growth at 37 C except where noted otherwise. The gas phase was always 90% N2 and 10% CO2. The pH of the media was fixed at 6.8 before inoculation.
Preparation and analysis of fatty acids. Lipids were extracted with chloroform-methanol mixtures from cells washed with 0.2 M sodium acetate buffer (pH 5.0) as described previously (6, 7) . Fresh growth medium was extracted by the method of Bligh and Dyer (2). Fatty acid methyl esters were prepared by methanolysis and identified and analyzed by procedures already described (45) . The analysis procedure was checked on standard mixtures and by repeated determinations with a single-lipid extract.
RESULTS
The compositions of the fatty acid methyl esters from nine Bifidobacterium and nine Lactobacillus strains grown at 37 C are shown in Tables 1 and 2, respectively. The fatty acid methyl esters were characterized by their gas-liquid chromatographic retention volumes on four polar and apolar columns before and after hydrogenation (45) . Major fatty acid constituents of all Bifidobacterium strains investigated are the pennsylvanicus and three or four cultures of the other Bifidobacterium strains. The fatty acid methyl esters are designated by the number of carbon atoms, followed by the number of double bonds, with the prefix anteiso-and iso-indicating the type of branching and cyclo standing for cyclopropane. The presence of a compound in an amount less than 0.5% is denoted tr.
b Type according to Dehnert (4) . All nine Lactobacillus strains investigated contained in logarithmic and stationary phase tetradecanoic, hexadecanoic, hexadecenoic, octadecenoic, and lactobacillic acids as the major fatty acids ( Table 2 ). The branched and odd-numbered saturated acids were together with octadecanoic acid present in small amounts. Tetradecenoic and branched C14, C16, C17, C18, C19, and C21 acids were detected at less than 0.5% in most Lactobacillus strains. L. delbruckii contained a very low percentage of lactobacillic acid. All Lactobacillus strains investigated in this respect showed a decrease of octadecenoic acid and an increase of lactobacillic acid on comparison of the fatty acid composition in logarithmic phase with that in stationary phase.
The effect of the age of the culture on the fatty acid composition was more extensively investigated on B. bifidum var. pennsylvanicus, L. lactis, and L. plantarum. Figure 1 gives a representative picture of the fatty acid composition of lipids from cells of B. bifidum var. pennsylvanicus, which were isolated from one culture after different periods of growth at 37 C. A decrease of the C12, C14, and C16 saturated fatty acids was accompanied by an increase of the octadecanoic, octadecenoic, and lactobacillic acids, together resulting in a higher average chain length of the fatty acids. The amount of iso-octadecanoic acid is relatively high in the logarithmic phase (6 to 12 hr). Because the pH was not constant during growth, the variations could also be caused by the change of pH. The effect of pH change, however, appeared to be of minor importance for B. bifidum var. pennsylvanicus from the following observations. Portions of three 15-hr cultures were incubated after adjustment of the pH to 6.8 for an additional hour, leading to a final pH of 6.1. The fatty acid composition of these cells did not deviate significantly from that of control cells harvested at pH 5.0.
A representative picture for L. lactis cells from one culture (Fig. 2) relatively constant, except for the concentrations of octadecenoic and lactobacillic acid (Fig. 3) . Cells taken from one culture of L. plantarum after different periods of growth at 37 C showed a transitory change in the proportion of palmitic acid (Fig. 4) . The ratio of the unsaturated and cyclopropane fatty acids to the saturated acids changed only slightly during the growth period in all Lactobacillus strains.
The effect of temperature on the fatty acid composition was studied in cells of B. bifldum var. pennsylvanicus after growth at 27 C and in cells of L. lactis after growth at 29 and 45 C. B. bifidum var. pennsylvanicus did not grow at 45 C. Cells of B. bifidum var. pennsylvanicus showed during growth an increase of the chain length of the fatty acids at 27 C (Fig. 5) analogous to that which occurred at 37 C (Fig. 1) temperature decreased the proportions of saturated C18 acids, together with a decrease of the average chain length (Table 3 ). The percentage of unsaturated acids remained constant. Figure 6 gives a comparison of the fatty acid composition of L. lactis in the logarithmic and stationary phase at three temperatures. A small decrease in the ratio of hexadecanoic acid to hexadecenoic acid was the only significant change in the fatty acid composition at 45 C in comparison to that at 37 C. In the stationary phase a markedly higher proportion of octadecenoic acid was observed at 45 C, together with a lower percentage of hexadecanoic acid. Lowering of the cultivation temperature to 29 C caused only a decrease of the percentage of lactobacillic acid in favor of the octadecenoic acid in the stationary phase. Temperature of cultivation did not show any influence on the average chain length and the percentage of unsaturated plus cyclopropane acids in L. lactis ( (18-20, 24, 30) . The data for the lactobacilli are in accordance with earlier results (14, 15, 32, 42, 46) . Only the amount of lactobacillic acid in L.
delbruckii was markedly lower than that reported by other investigators (15, 46) . Bifidobacterium strains contain more major fatty acid components, much more octadecanoic acid, and somewhat more branched fatty acids than do Lactobacillus strains (Fig. 7) . The representatives of genus Lactobacillus (except L. delbruckii) contain, however, a higher percentage of lactobacillic acid. These differences cannot be caused by growth conditions because the organisms were cultivated under nearly identical con- ditions: a medium with the same concentration of yeast extract (biotin) and Tween 80, the same fatty acid composition, the same pH at inoculation and about the same pH at harve,t, and the same temperature and anaerobic conditions. Only B. bifidum var. pennsylvanicus grew on a somewhat different medium.
No specific differences in fatty acid composition were found among the various Bifidobacterium strains (Table 1) , nor among the various Dehnert types (4). B. bifidum var. pennsylvanicus has no specific fatty acid composition in comparison to other bifidobacteria, although its culture medium was somewhat different. The strains of the different subgenera of Lactobacillus (38) did not show any subgenus-dependent specificity of fatty acid composition. laidlawii together with a decrease of the ratio of unsaturated to saturated fatty acids and an increase in osmotic fragility (37, 39) . Myristic acid was the predominant saturated fatty acid in the membrane polar lipids of young cells of M. laidlawii A, whereas palmitic acid became predominant as the cells grew older (34) .
The fatty acid composition of B. bifidum var. pennsylvanicus cells harvested after inhibition of cell wall synthesis (45) resembles that of the normal cells in the lag phase (4 to 6 hr after inoculation). Therefore, the differences found between normal and inhibited cells in this respect (45) are caused by the variation in growth phase.
The conversion of octadecenoic to lactobacillic acid was the only change observed in the fatty acid composition of L. lactis, L. plantarum, and the other Lactobacillus strains during growth. Similar changes have already been reported for Serratia marcescens (27) , Escherichia coli (27, 29) , Agrobacterium tumefaciens (27) , Pseudomonas aeruginosa (13) (43) . There seemed also to be little change in the fatty acid composition of Staphylococcus aureus (16) and Micrococcus cryophilus (40) throughout the growth cycle. The transition from exponential growth to postexponential growth, however, changed abruptly the fatty acid pattern of E. coli (26) . Mycobactenum phlei also shows marked changes of the C18 and C19 fatty acids during the growth cycle (28) . In Bacillus megaterium, shifts of the proportions of branched-chain C14 and C,5 acids were observed during growth, sporulation, and germination (41) (40) , Mycoplasma (36, 39) , Candida utilis (3, 22) , and Chlorella sorokiniana (35) . In S. aureus very little variation in the fatty acid composition was detected after growth at different temperatures (16, 44 Variations of the carbon source or nitrogen source (or both) of the medium have a marked influence on the fatty acid composition of bacterial cells (9, 17, 25, 29, 44) . The nature of the fatty acid content of the medium influenced strongly the growth and fatty acid content of some lactobacilli (5, 15, 42, 46) and M. laidlawli (36, 37 .fl tn WR
